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I conjecture that a flat 10D compact Universe emerged out of nothing1 with all it’s symmetries intact:
Poincare invariance, conformal invariance and supersymmetry, it’s massless moduli fields, and a zero
energy density. Its subsequent evolution and spontaneous breaking of these symmetries or by quantum
fluctuations leads to topological or geometrical defects on this Superspace which are the fields we observe
(or haven’t yet observed) propagating in this spacetime. By the law of naturalness it will restore all
these broken symmetries. In recent years, the cosmological constant problem has metamorphosed to a
new problem of finding a selection mechanism that selects our vacuum out of a string theory landscape
or resign to anthropic reasoning. I provide a new perspective for solving this problem using a multi-step
approach based on the wavefunction, inflation and conformal symmetry.
1 Introduction
In recent years the nagging issue of the cosmolog-
ical constant i.e; why it is so small in contradiction
to our quantum field theory predictions, has led to
a new problem in physics- finding a vacuum selec-
tion mechanism on a vast string theory landscape [2]
that selects our standard model vacuum. In addi-
tion, we are also confronted with the problem of
what observables to define on a dS spacetime, and
embedding such time dependent background in per-
turbative string theory.
In the standard model (gauge theory) there are
several observables we can calculate e.g. S-matrix,
gauge correlator functions etc; which is done to high
accuracy. The question in string theory is what ob-
servables do we need to compute. In string theory
the only well defined observable is the S-Matrix,
and even only well defined in flat Minkowski space-
time. In AdS spacetimes, it is calculated by using
the AdS/CFT duality relation as demonstrated in
an AdS Schwarzschild black hole. The boundary
correlators are matched to the S-Matrix and the is-
sue of information loss is avoided. In dS spacetime
there is an issue of a cosmic horizon. Even if we are
able to calculate the S-Matrix by using a dS/CFT
duality relation as in the AdS case or other, it will
be unobservable since the spacetime is expanding so
fast it is not possible for observers to observe it no
matter how long they wait and they will finally be
thermalised by the horizon. Thus the observables
in a dS spacetime are called meta-observables2
Due to these severe problems we may turn to
non-critical string as I have addressed in [10] . Here
I assume that the cosmological constant is evolving
to a zero value in time due to a decrease in the cen-
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1By “nothing” I mean no notion of space and time
2Meta-observable implies they can be calculated but not observed [3]
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tral charge deficit on the world sheet of the strings.
The direction of flow is irreversible, and is directed
towards a fixed conformal point with lesser value of
the central charge deficit. The implication is that
spacetime will eventually be a flat Minkowski space-
time with infinite Hilbert states and hence a well
defined S-Matrix. This is called Q-cosmology. This
helps to resolve the issue of S-Matrix, and the vac-
uum selection problem on the string landscape as I
have addressed in [10]. The issue now is whether it
can make testable predictions in reasonable agree-
ment with the WMAP data.
Putting the above issues aside, having a funda-
mental theory like string/M theory explaining the
dynamics of the universe is not enough if we should
assume that the universe is a quantum mechanical
system3. If the Universe has a quantum state then
a law describing its quantum state must be part of
a final theory. The final theory will then be made of
two parts: 1) A universal fundamental dynamic law
e.g string/M theory 2) A law for the quantum state
of the universe e.g Hartle-Hawking’s “No boundary
proposal”
The problem of selecting the standard model
vacuum on the vast string theory landscape is a
very complicated problem. One has to worry about
the different possible geometries, choices of Calabi-
Yau threefolds, choices of fluxes on the Calabi-Yau
manifold and choices of brane configurations which
determine the gauge theory. Thus we have a vast
landscape of vacua to select from. These are all
possible string theory solutions.
I conjecture that a Universe (Superspace) was
born out of nothing as a flat 10 dimensional com-
pact spacetime with no vacuum energy and in a
full supersymmetric, Lorentz invariant, and confor-
mal invariant state, with its massless moduli fields
parameterizing the compact dimensions, and satis-
fying Einstein’s vacuum and the Wheeler-DeWitt
equations. It’s wavefunction given by the Hawking-
Hartle wavefunction peaking at zero energy density.
Thus the universe initially born is non-inflationary
but can expand infinitely. In this note I suggest a
new perspective- using multi-step approach to select
our vacuum using the wavefunction, the inflationary
potentials, and conformal symmetry. I discuss this
in section 2. I conclude in section 3 and highlight
on some remaining issues to be tackled.
2 Multi-step approach
The multi-step approach is as follows:
• Use the wavefunction of the Universe to se-
lect the most probable geometry, thus reduc-
ing geometrical landscape.
• Use fluxes and branes to generate a poten-
tial and stabilize the extra dimensions, giving
masses to moduli as well.
• Use large volume compactification to reduce
flux landscape.
• Use inflation to reduce the landscape of the
potentials
• Use conformal symmetry to reduce the cos-
mological constant landscape
• Find a selection mechanism for the standard
model gauge theory
2.1 Using the wavefunction of the
Universe
The main motivation behind quantum cosmology
is a consistent explanation for the origin of the our
Universe. The most appealing explanation is the
spontaneous creation from nothing [4]. In this pic-
ture of the origin of the universe, the Universe is a
quantum mechanical system with zero size. There
is a potential barrier that it may tunnel with a well-
defined, non-zero probability. If the Universe actu-
ally tunnels, it emerges to the right of the barrier
with a definite size. The cosmological wavefunction
3This is a valid assumption since we have no evidence that the phenomenon we do see on this large scale can-
not be described in quantum mechanical terms and explained by quantum mechanical laws, in which case a valid
question to ask is what is the quantum state of our Universe
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can be used to calculate the probability distribution
for the initial configuration of nucleating universes4
The wavefunction Ψ satisfies the Wheeler-
DeWitt equation:
HΨ = 0 (1)
Solution of this equation requires specification of
boundary conditions. There are current three pro-
posals for this: a) The Hartle-Hawking wavefunc-
tion, “No boundary proposal” b) The Linde [5] and
Vilenkin [6] tunneling wavefunction. These wave-
functions could be used in describing closed Uni-
verses, an infinite topological trivial flat and open
Universes, or flat and open Universe with nontrivial
topology [8, 9].
Application of these proposals for simple mod-
els give different predictions for the initial evolu-
tion of the Universe. One of these predictions is
the initial energy of the Universe right after its
nucleation. The tunneling wavefunction predicts
that the Universe must nucleate with the largest
possible vacuum energy whereas the no-boundary
wavefunction predicts just the opposite [7]. Also
as I pointed out in my work [10], both wavefunc-
tions have problems of their own. The tunnel-
ing wavefunction is not bounded from above and
and seems to be in conflict with WMAP results on
the value of the Hubble parameter Also the large
vacuum energy is inconsistent with a low value of
the cosmological constant we observe. The Hartle-
Hawking’s wavefunction is also not bounded from
below, hence not normalizable and also inconsistent
with inflation. But in my multi-step approach, since
I will generate the vacuum energy after the Uni-
verse has nucleated this is not an issue and I will
assume the Hartle-Hawking wavefunction given by
ΨHH ∼ e−SE = exp
(
3pi
2GNρv
)
, and a probability dis-
tribution peaking at zero energy density (ρv = 0).
Thus a flat 10D compact non-inflationary Uni-
verse with a zero vacuum energy is highly favored to
nucleate from nothing. This spacetime is supersym-
metric, Poincare invariant, and conformal invariant.
2.2 Use the fluxes and branes
After selecting the most probably energy and ge-
ometry using the wavefunction, the next step is to
stabilize six extra dimensions for consistency with
our observations of four noncompact dimensions
and also give masses to the moduli. The moduli
that come with this 10D spacetime have flat direc-
tions5 and thus pose a problem. But we get lucky
here- a little while or long after its birth, quantum
fluctuations or spontaneous breaking of a symmetry
could lead to structures or defects such as branes,
fluxes, strings etc in this spacetime. In the case
of 11D M-Theory, these defects could be a result
of the collapse of the 11th dimension in order to
restore Lorentz invariance. As the Superspace ex-
pands the quantun flunctuations and hence these
defects decreases.
The wrappings of the fluxes and branes on six of
the ten dimensions as demonstrated by the KKLT
Mechanism [1] generates a potential (vacuum en-
ergy) stabilizing the moduli. I must point out that
not all regions of this Superspace may necessarily
have these defects or have their moduli stabilized6.
This potential generation and moduli stabilization
may only have occurred in a small patch of the su-
perspace leaving the vast section of the Superspace
with infinite 10 dimensions.
2.3 Large volume flux compacti-
fication
As argued in [11, 13] in D3/D7 IIB orientifold com-
pactification, if we wish to study the scalar poten-
tial across the full range of flux choices and moduli
4This equation is analogous to the Schrodinger in ordinary quantum mechanics. To solve this equation, one
has to specify some boundary conditions for Ψ. In quantum mechanics the boundary conditions are determined
by the physical set-up external to the system. But since there is nothing external to the universe, it appears that
boundary conditions for the wavefunction of the universe should be postulated as an independent physical law.
5Even if they have potentials, these potentials have runaway behavior and cannot stabilize the moduli
6Note the importance of moduli stabilization in our patch- without it the extra dimensions will be noncompact,
inconsistent with observation and possible fifth long range force violating the equivalence principle
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values, it is essential to include perturbative correc-
tions to the Ka¨hler potential K. The full Ka¨hler
potential K, and superpotential W are given by:
K = K0 +Kp +Knp ≈ K0 + A (2)
W = W0 +Wnp ≈W0 + B (3)
where A represents the leading perturbative cor-
rection to K and B the leading nonperturbative cor-
rection to W. K0 and W0 are the tree level Ka¨hler
potential and superpotential respectively.
The F-term scalar potential is given by:
VF = e
K [K ikDiWDkW − 3 |W |2 ] (4)
which can be expanded in powers of A and B:
VF = V0 + VA + VB + .... (5)
where
V0 ∼W 20 , VA ∼ AW 20 , VB ∼ B2 +W0B .
Perturbative corrections to the scalar potential
(0(A) terms), are negligible depending on the value
of the tree level superpotential. Perturbative cor-
rections are not necessary if W0 is extremely small.
As pointed in [11], the limit to which the perturba-
tive corrections could be neglected is unnatural and
should therefore be included in most cases. These
perturbative corrections to the Ka¨hler potential7
in addition to the nonperturbative contributions to
the superpotential generically gives rise to a large
volume non-supersymmetric AdS vacuum, differing
from the simplest KKLT scenario in which the AdS
minimum is found to be supersymmetric.
In this large volume limit, supersymmetry is
broken by the Ka¨hler moduli only, and the grav-
itino mass is independent of choices of flux on the
Calabi-Yau manifold, thus do not scan from vac-
uum to vacuum as the fluxes are tuned but peaked
at a particular Calabi-Yau. The universality of the
gravitino mass across the space of flux choices, could
indicate universality or near universality across the
space of Calabi-Yau manifolds.
This large volume limit brings us closer to lower
energy scale physics. For a stabilized Calabi-Yau
threefold, the gravitino mass and string scale are
given by:
m3/2 ∼
Mp
V
, ms ∼ Mp√
V
(6)
where V is the dimensionless volume- the phys-
ical volume is Vl6s ≡ V (2pi
√
α′)6 . Thus a com-
pactification volume of 1015l6s , corresponding to a
string scale ms ∼ 1011GeV , can generate the weak
hierarchy through TeV-scale supersymmetry [14]
2.4 Use inflationary potentials
At this stage we can have the moduli stabilized
but then we encounter several possible configura-
tions of branes and choices of fluxes generating po-
tentials that could stabilized the six compact di-
mensions. Here the next selection mechanism is to
use inflationary potentials.
The difficulty of obtaining slow-roll inflation
acts as a selection mechanism on the different pos-
sible configurations of branes and fluxes wrapping
the extra dimensions. Regions with potentials not
providing the right conditions for slow-roll infla-
tion will be quickly dominated by regions with in-
flationary potentials8. The dominant potential(s)
may then undergo slow roll eternal inflation (SREI)
dividing this patch of Superspace into many expo-
nentially large domains corresponding to different
metastable vacuum states, and forming a huge in-
flationary multiverse. This gives a landscape of cos-
mological constants [2].
From the Superspace point of view, the branes
with either flat or curved geometry are defects
which breaks Lorentz invariance in that region of
7The leading corrections to the Ka¨hler potential were computed in [12] and arise from the ten-dimensional
O(α′3) R4 term. The α′ expansion is an expansion in inverse volume and thus at large volume can be controlled.
8Note that matter fields only come into existence on exit from slow-roll inflation when the inflaton oscillates
near the minimum of its potential. This is called the reheating phase
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spacetime and needs to be corrected. Inflation helps
in smoothing this out making it flat. These branes
or defects from which our Universe emerges are like
black holes propagating in this spacetime with a
comic horizon which are the edges pushing against
the Superspace.
Observers on the brane experience a local cos-
mic horizons. There may be several branes:- a hid-
den sector where the vacuum energy was generated
leading to breaking of supersymmetry and the stan-
dard model sector on which we live.
2.5 Use conformal symmetry
One must remember that a very crucial symmetry
has been broken by the strings propagating on this
landscape due to the vacuum energy. The world-
sheet of the strings are not conformal. As I have
explained in [10] a temporal restoration of confor-
mal symmetry is done by Liouville dressing with a
permanent restoration by the renormalization group
flow, reducing the central charge deficit to zero con-
formal fixed point.
This expansion and departure from criticality
from a conformal point is taking place in a linear
dilaton background. Each of this regions with dif-
ferent values of the cosmological constant is a de-
parture from criticality with a tendency to restore
conformal symmetry. Regions with the largest vac-
uum energies i.e largest central charge deficit may
have the strongest tendency. Over a period of time
all regions will merge into one and move towards
the zero conformal point. We are at the point where
this renornamisation group flow has a central charge
deficit (vacuum energy) condusive for life and we
have emerged as a result.
Some questions worth asking are:
• A linear dilaton background allows for any
number of spacetime dimensions for confor-
mal invariance so why 10D. The simple an-
swer is that, it is the tendency of nature
to have the maximum symmetry. 10D gives
Lorentz invariance though I must state that
the presence of vacuum energy will cause
Lorentz invariance to be violated.
• Why not a constant dilaton background
where 10D will be the requirement for confor-
mal invariance- The answer could come from
M-Theory. The dilaton is a field resulting
from the collapse of the 11th dimension. It
could however be stabilized as done in flux
compactifications. But here we must assume
that it is stabilized at a value equal or less
than zero value for perturbative theory to be
valid.
• Why only six dimensions are stabilized- I do
not yet have an explanation for this, but it
could be due to the topological or geometri-
cal structure of the fluxes. A good answer to
this could help explain why we live on D3-
brane and not any other D brane of different
dimensionality. Also, it is possible that the
four fundamental forces we observe have a re-
lation to the unstabilized moduli fields in the
four noncompact dimensions. This needs to
be investigated.
The linear dilaton decreasing towards the conformal
point due to the decreasing central charge deficit
shows that a move from a strong coupling regime
to a weak coupling at future times, t → ∞. This
makes perturbation expansions valid. In the strong
coupling limit i.e at very early times with a largest
value of the dilaton’s expectation value, an eleventh
dimension could fluctuate into existence but this is
transient and re-collapses back into the Superspace
due to a need to restore Lorentz symmetry. This
dimension could collapse into fields like graviton,
gauge fields, scalar fields etc. propagating in this
spacetime.
2.6 Select the gauge theory
At this stage we have reduce the vacau substan-
tially. We must now devise a mechanism that se-
lects our standard model gauge group. The stan-
dard model gauge theory of SU(3)× SU(2)× U(1)
is believed to be a result of stacks of intersecting
Dp-branes e.g, D6 branes wrapping 3-cycles on the
Calabi-Yau manifold. Nc coincident D-branes give
an SU(Nc) gauge theory. At another location on
5
the manifold, another stacks of branes generates a
potential leading to supersymmetry breaking. This
is called the hidden sector. One must understand
the mechanism selecting this configuration out of all
other possibilities.
Fig. 1. A Calabi space with intersecting standard
model and hidden D6-branes [15]
I don’t have much to say on this at the moment but
further work in this area will be useful.
3 Conclusion
Symmetry principles have always been very use-
ful in resolving issues in physics. Solving the cosmo-
logical constant problem from some symmetry prin-
ciples such as supersymmetry have not been very
helpful. In this note I suggest that we have not yet
exhausted this use of symmetry and thus conformal
symmetry provides a solution. This is naturalness9
occurring through conformal symmetry.
We are living on a brane inside a giant Super-
space. The branes are spacetime defects arising
from a broken symmetry, quantum fluctuations or
collapse of the 11th dimension of M-theory. Our
patch of this Superspace is on its way to restoring
conformal symmetry permanently and has reach a
value along the renormalization group flow which is
suitable for life.
A dS spacetime is an intermediary stage in
the quantum evolution of the Universe. Eventu-
ally, spacetime will have a flat Minkowski geometry,
where all its symmetries- supersymmetry, confor-
mal, and Poincare invariance will be restored. We
are living at the very edge of this full restoration
in the patch of this giant Superspace. This period
provides a suitable condition for life and thus we
have popped into existence.
If by Liouville dressing we could get temporal
conformal invariance, then the dS/CFT correspon-
dence could be possible if we could identify and
match the correlation functions on the gravity side
and the field theory side.
It is possible that the four fundamental forces
we experience have a relation to the unstabilized
moduli in our four noncompact dimensions. Fur-
ther work is needed in this area as well as finding a
selection mechanism for the standard model gauge
group.
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